mine structure of the nest and threaten the whole colony or even a single individual, may lead to the uneasiness among these insects. Thus, the seemingly trifling cause, as a shadow cast on the entrance of the nest, sudden or even delicate jolt due to closing or to opening of a window or a door, may induce an attack of hornets on their alleged aggressor. In the event of an attack on humans, the smell of the person, the type of clothes, and even sex can become a cause of aggression (Notman & Beggs, 1993 ) and the first stinging by the wasp causes the release the alarm pheromones that are contained in the venom (Veith et al., 1984; Moritz & Bürgin, 1987) causing attack of the whole colony.
Ability to see colors and shapes are key features to enable orientation in space for insects. In studies of distinguishing colors by wasps a significant similarity between different species of social wasps were shown (Chittka et al., 1992) and also that the temperature and light have a major influence on their speed (Spievok & Schmolz, 2006) . These skills allow them to determine the direction of flight, the search for food, and proper assessment of the possible threat. Individuals of V. crabro can to see in the dark (Kelber et al., 2011) and often they arrive to light in the home at night.
The purpose of this study was to assess the impact of colors and shapes on defensive behavior of urban colonies of V. crabro using very simple and uncomplicated test methods. These studied issues, can be certainly relevant for the safety of the human population, but the complete assessment of all risks arising from the presence of hornets in urban areas is beyond the scope of this short study.
Material and methods
The study of defense behavior of hornet's societies was carried out in 2006 -2009 in August and September, because in temperate climates colonies of V. crabro are the largest in these months. Because there is the positive correlation between the number of attackers of hornets and the total number of adults (Bichara Filho et al. 2006) as well as between the size of the nest and the number of individuals in the colony (Nadolski 2012) , for these studies 8 colonies of hornets of similar size and at the same stage of development (7 combs) were used. In subsequent analysis of their nests it was confirmed. The aggressiveness level showed by the colonies of Vespa crabro was tested using methodology described by Stort (1974) expanded and adapted in order to be used in hornets for this study. As a safety measure, the observer wore special suits and mask every time he approached the nests. Studied hornet's nests were established in the same wooden nesting boxes for birds with dimensions of 13 x 13 x 36 cm with an entrance hole with diameter of 29 mm situated 29 cm above the bottom of the box. The same size of boxes ensured that the size of nests were similar. Boxes were located in few areas in the city of Łódź in Poland inter alia: Botanic and Zoological Garden (51045'N 19024'E (84 ha) located in the western part of the city and Łagiewniki Forest (51050N 19029'E) located N-E of Łódź. These activities were correlated with the studies on breeding of birds (Alabrudzińska et al. 2003 , Marciniak et al. 2007 ) and on structure of nests and sizes of wasps colonies (Nadolski 2001 (Nadolski , 2012 .
In studies of the influence of colors on defensive behavior, different balloons with a diameter of about 30 cm in various colors were used: blue, black, brown, red, yellow, orange, green and white, which were singly placed in the immediate vicinity (30-50 cm) of the exit of the box.
The wasps were vexed by three vigorous strokes with a stick in the nesting box. The behavior and number of workers of hornet flying out from the nest was observed. The degree of defensive activity was assessed based on the number of the attacking individuals and the time of their attack (the time was counted from the moment of hitting with a stick until the moment when the balloon ceased to be of interest to hornets). The result was rounded to 1 minute. Every experiment was conducted in the hours before noon and in the rainless days, with an air temperature of about 20 -25° C, with breaks (2-5 days) between successive tests for the same societies, because too often disturbing the peace of colonies increases aggressiveness of wasps (author's own observations). Their response to a particular color was tested twice on the same colony. Thus, a total of 16 tests were performed for each color. The following criteria for assessing the degree of defensive activity were accepted (Table 1) .
For studies of the effect of the aggressor's appearance on defensive behavior, similar methods were used which were based on the same criteria as in the previous experiment and with the use of hornet colonies also located in nesting boxes. However, instead of the balloons, the white dummy mounted on a stick with visible head devoid of any facial features were used, to which the wig with dark hair or the mask looks like an big animal muzzle could be assumed. Graphics and statistical analyses were made using STATISTICA 9 (StatSoft, Inc. 2009).
Results and Discussion
The results of conducted studies determining the influence of colors on the level of defensive activity of V. crabro workers were subjected to statistical assessments. Figure 1 presents results of these analysis for the activity time of colonies (ANOVA nonparametric Kruskal-Wallis test H 6,112 = 86.8 p<0.0001). In Figure 2 results of analysis for the number of attacking workers (ANOVA nonparametric Kruskal-Wallis test H 6,112 = 90.2 p<0.0001) are presented. From them it can be concluded that the strong defensive activity was induced by dark colors especially black and brown, and bright (especially orange). Reactions of hornet's workers on green and white colors were weak or were no response.
The analysis of multiple comparisons for KruskalWallis test demonstrated that there are statistically significant Result of the study of the influence of the aggressor's looks on the defensive activity of V. crabro colonies showed, that most intense attacks in colonies defense by hornets were caused when the colony was disturbed by the presence of an individual with dark hair. The same contour of animal muzzle without hair did not cause such a strong concern. These received results (Table 2) , could not be subjected to statistical analysis.
In recent years greatly increased the scope of various activities for reducing the populations of social wasps especially in urban areas (Nadolski, 2001) . Publicizing information on the risks arising from the presence of colonies of wasps causes that people massively want to destroy nests of wasps, but they are not prepared for this type of dangerous actions. In their opinion the main element to protect against stinging of wasps and hornets is plastic bags worn on the head and mosquito spray or deodorants, as effective wasps' deterrents. Such "heroic" acts usually end up in hospital, often in the Medical ICU. There were also cases of necessity and the evacuation of whole families from their homes after such "experiments". Simultaneously, different municipal departments including the Fire Brigade are very often involved to remove nests of bees or wasps. The scale of these phenomena is so serious, that in Poland, the Fire Brigade Headquarters had to develop special procedures to be used for these types of threats (Łyszkiewicz & Nadolski 2009 ). Based on the information about the behavior of wasps, methods of removing colonies of wasps and bees as well as technical measures for these actions were developed. Studies of V. crabro defensive behavior were helped in understanding simple reactions of hornets caused by the presence of potential aggressor.
Defensive behavior in social wasps is similar for different species and involves two steps (Jeanne, 1981) : first, in response to jarring of the nest, large numbers of adults are recruited rapidly to the outer surface of the envelope. Second, a fraction of these wasps may fly out to attack the intruder. Outside the nest, the odor of venom greatly reduces the threshold for release of attack behavior, but is not itself a releaser of attack. The release of attack behavior requires an appropriate visual stimulus. In V. crabro the attack behavior is similar (Nadolski, unpubl.) and interpretations of studies results were relatively easy. Among beekeepers there is widespread belief that the outfit used to work at the apiary should be white. The results obtained fully confirm the validity of this principle, and points to also the green as an alternative color of such clothing. The adaptive value of the ability to distinguish colors and to respond to them also seems to be fairly obvious. In a moderate climate zone, the social wasps are active only in spring, summer and autumn, when the white color is not present in the surroundings and, what is more, the potential predators also are not white. The green is the color of the surrounding environment and this is not the color of the aggressor as well. The situation is quite different with dark colors, in shades of brown and black, and also with vivid, bright colors. Natural selection should favor behavior that treats so colored an intruder as a potential predator.
The results of these studies have become the basis for the development by the author of a project of special protective overalls to work with social aculeate, especially hornets. This type of outfit was accepted as the standard protective clothing recommended for the Fire Department sections involved in removing the 'threats from swarms and nests of hymenopterans'.
The result of observation of the defensive behavior conditioned by the intruder looks is equally interesting. The outline of the body shape does not cause too much concern in the colony of hornets. Only the shape, which resembles animal snout and especially hairy head, causes aggression of insects. These results could not be analyzed statistically, however the overall picture of the experiment clearly points to mammals as the main enemies of wasps' societies against whom the whole strategy of defense is directed. The social behavior of Vespidae is dependent on their social structure (Carpenter, 1991; Smith et al., 2001) . The social structure is higher, defensive behavior is more complex. In solitary wasps defensive behavior is directed against different types of arthropods especially other insects. In eusocial aculeate they are first of all directed against vertebrate. The studies on venom activity of aculaete also confirm this opinion. Along with the development of social behaviors, venom composition underwent changes towards producing such ingredients that would be more and more effective at defending against such an attacker. The venom of solitary wasps have properties allowing to use it primarily for paralyzing and then killing the victims serving as food for its larvae (Piek & Spanjer, 1986) . Vespinae produce venoms, which by of its composition is effective in obtaining food as well as in defense (Nadolski, 2000) . However, in the defense aspect, the most effective is the venom of honey bee (Apis mellifera L.) (O'Connor, et al., 1967) . The main component of this toxin is melittin, one of the most effective detergents that causing red blood cell haemolysis and damage cells of muscles (Banks & Shipolini, 1986; Nabil et al., 1988) . The V. crabro venom can be used not only to defend the colony and rarely to attack on other insects in order to acquire food, but it is also an effective tool to combat individuals of hornet from foreign societies (Nadolski, 2013) In conclusion of these results, it is very important that people who are near wasp colonies should have clothes in white or green and hair obscured but when removing whole nests a man have to have a safe outfit properly constructed.
